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INTRODUCTION 
The purpose of this study was to compare the accuracy 
and reproducibility of two commercially available chromato-
graphy kits with Instant Thin Layer Chromatography-Silica 
Gel (ITLC-SG) and Whatman Chromatography Paper. The two 
commercial kits evaluated were the- MAC-Klt- pr-oducea-l::ly--
General Radioisotopes Products, and the TECH Kit by Ackerman 
Nuclear. 
In nuclear medicine today, there is an emphasis on 
the need for quality control of radiopharmaceuticals prior 
to administration to the patient. This has become a major 
responsibility of nuclear pharmacists. With the increased 
use of technetium labeled radiopharmaceuticals there arises 
a significant need for a fast and reliable means to assure 
the quality of these products prior to administration to 
patients. 
This capability of predetermination allows the nuclear 
medicine departments to be confident that the procedure will 
only need to be performed once. The patient will not be sub-
jected to additional exposure of radiation and most import-
antly will not have to run the risk of delaying any decisions 
on treatment of the illness that might possibly be involved. 
From the technologist's standpoint quality assurance also 
prevents repeating the study and eliminates additional 
radiation exposure. 
1 
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As far as the physician is concerned the most obvious 
advantage is that it will expedite efforts to determine the 
need for treatment. In many instances these procedures are 
used to rule out possible disease states. Therefore, it is 
necessary to get this information as soon as possible with-
out any unnecessary delays. In the past radiopharmaceuticals 
were obtained directly_l~om_ tll~ __ Il!_~nu_f_a~tl}r_e!'_anQ._J-nj~c~t_~_g. _______ _ 
into the patient. It was therefore the manufacturer's re-
sponsibility to assure the quality of the product. However, 
with the increased usage of short-lived nuclides, such as 
technetium, this responsibility has shifted to the individual 
extemporaneously preparing the patient dose (1). The 
physician that holds the license authorizing the use of 
these radiopharmaceuticals, assumes the responsibility that 
these compounds meet desired quality standards. 
The nuclear pharmacist performs an important service. 
With his knowledge of technetium chemistry and testing pro-
cedures he can ensure the quality of the radiopharmaceutical 
prior to administration. Several radiopharmaceutical manu-
facturers have developed chromatography kits which claim 
to be faster and as accurate as the standard forms of 
chromatography. Chromatography has been used on a routine 
basis for many years to determine the quality of radiopharm-
aceuticals. Instant Thin Layer Chromatography (ITLC) and 
Paper Chromatography are the two most commonly used forms 
to evaluate the various compounds (2). These standards 
3 
were used as a basis for evaluating these commercial kits 
for their reliability and accuracy. Table I lists the com-
pounds tested. 
DTPA 
MAA 
Sulfur Colloid 
Table I 
Radiopharmaceuticals Tested 
Lot #A05C78M 
Lot #7B989 
Lot #7E934 
Union Carbidea 
b· Squibb 
Squibb 
Lot #BNA15 Diagnosticc 
4 
Exp. 3/10/78 
Exp. 12/1/77 
Exp. 4/1/79 
-~ 
Diphosphonate 
~-----~ 
---
------------Isotopes ___ ----- Exp~-571778 ____ ~~ -~ 
Pyrophosphate 
(1 vial) 
Pyrophosphate 
(4 vials) 
Glucoheptonate 
Lot #7EM 
Lot #0947012 
Lot #5017 
Mallinckrodtd 
Mal1inckrodt 
e Ackerma.n 
a Union Carbide, Inc., Tuxedo, NY, 10987. 
b E. R. Squibb & Sons, Princeton NJ, 08540. 
c Diagnostic Isotopes, Bedford, M., 01730. 
d Mallinckrodt, Inc., St. Louis, MO, 63147 
Exp. 11/13/77 
Exp. 3/27/78 
Exp. 6/29/78 
e Ackerman Nuclear, 12847 Arroyo Street, Sylmar, CA 91342. 
THEORY 
With the invention of technetium generator systems 
there has been a great increase in the use of Technetium-99m 
(Tc-99m) labeled compounds. Different chemical forms of the 
isotope are the most widely used radiopharmaceuticals in the 
use, quality control techniques are necessary to distinguish 
the various chemical states of Technetium-99m in a particular 
formulation. Chromatography plays a major role in determining 
the radiochemical purity of Technetium-99m (Tc-99m). Radio-
chemical purity is the proportion of the total activity 
present in the desired chemical form as compared to total 
activity present. Chromatography provides us with the means 
to determine radiochemical purity of Tc-99m labeled pharm-
aceuticals. 
The advantage of using Tc-99m in nuclear medicine imaging 
is because of its near ideal nuclear properties (half-life = 
and ready availability (3). As the decay product of 
i 
i 6 hours, 140 keV gamma emission, and absence of beta decay) 
Molybdenum-99 (Mo-99), Tc-99 is eluted with saline solution 
from a generator system which consists of Mo-99 adsorbed on 
an alumina column. During the elution process Technetium 
Pertechnetate [Tc04-Tc-VII] is obtained in a stable chemical 
state of technetium in saline solution (4). However, this 
5 
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particular chemical state of technetium will not bind to the 
various carrier compounds nor adsorb to particles necessary 
for bone, lung, liver, renal imaging procedures. Therefore, 
it is necessary to fQrm a less stable, positively charged 
reduced state of Tc-99m (5,6). 
In reference to the chemical states of technetium, the 
anion pertechnetate is the most stable form. When Tc-99m 
!-----
is bound to different chelating agents, the reduced states, 
Tc(III), Tc(IV), and Tc(V), are predominant. These dif-
ferent valency states of technetium can be produced by 
treatment with a variety of reducing agents. The most fre-
quently used reducing agents are stannous ion, ferric 
chloride, ascorbic acid, ferrous ion and concentrated HCl. 
In the reduced state, technetium binds readily to chelating 
agents, forming compounds commonly used in nuclear medicine. 
These include Tc-99m-DTPA (Diethylenetriamine Pentaacetic 
Acid), Tc-99m-MDP (Methylene Diphosphate), and Tc-99m-
Glucoheptonate (7). 
When technetium is reduced for the purpose of tagging 
the ion to the various carrier compounds, it exists in a 
number of chemical stages. An example of how technetium is 
reduced and tagged to diphosphonate is shown below: 
+2 + +2 +4 2 Tc-99m04 - + 3 Sn + 12 H ---> 2 Tc-99m0 + 3 Sn + 6 H2o 
then, 
+2 -2 2 Tc-99m0 + H2 (diphosphate) : 2 H2o ...... ........ 
-1 + Tc-99m(OH) 2H(diphosphonate) + 3 H 
I 
i 
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As this chemical bonding is taking place the technetium ex-
ists in three phases. Tc-99m bound to the diphosphonate, 
Tc-99m Pertechnetate in the unreduced state, and hydrolyzed 
reduced Tc-99m. Paper and Thin Layer Chromatography are the 
two methods used primarily to determine the presence of non-
labeled technetium pertechnetate in a prepared radio-
pharmaceutical. The methods are simple to perform, rela-
tively quick, and do not require expensive equipment (2). 
The objective of chromatography is to differentiate between 
these three chemical states and identify the percent bound 
to the diphosphonate which is the only state effective in 
nuclear medicine imaging (8). The procedure requires the 
application of microl~ter amounts of the radiopharmaecutical 
to a strip of chromatography paper or prepared thin-layer 
I 
chrom~~raphy strips coated with various adsorbents. The 
sample is applied to the bottom of a strip and placed in the 
chromatography chamber in such a manner as not to be 
immersed in the eluting solution. This point, the origin, 
is marked to clearly identify it. The solution ~scends the 
strip by capillary action carrying each radiochemical com-p 
onent (9). When the solution approaches the top of the strip 
the solvent front is marked and the strip is removed from 
the container and allowed to dry (Figure 1). 
The chromatography methods used on a routine basis in 
nuclear pharmacy today utilize many solvent systems but for 
the purpose of this work a two phase solvent system was used. 
- Glass cover 
---+--- Paper 
Origin--+-- • 
Solvent- ----- ---
-- - -
----- -
Solvent vapor 
Location of origin-l----
-- Glass chamber lined 
with absorbent paper 
Glass chamber lined 
with absorbent paper 
-----l--TLC strip 
Solvent 
8 
Figure 1. Chamber used in ITLC-SG and Paper Chromatography. 
I 
I 
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This experiment was designed to test a procedure that would 
be useful as a quality control procedure on a daily basis in 
a nuclear medicine department. Therefore, a simple solvent 
system should be ~sed. A normal saline and acetoni solution 
was selected. The dual solvents are necessary to distinguish 
between the different states of technetium, this is accom-
plished in the following manner. When a sample of a 
- ----------- -------------- ------
technetium product is applied to various strips and then 
placed in normal saline, free pertechnetate will travel with 
the'solvent front. Since the pharmaceutical is-water solu-
ble, the technetium that is bound to the compound in question 
will also travel along with the solvent front. Any radio-
activity that remains at the origin would be reduced tech-
netium that is not bound to the pharmaceutical. This phase 
of technetium remains at the origin because the SnCI 2 by 
hydrolysis forms a colloid and binds with the reduced 
technetium-99m. Since this product is colloidal in nature, 
it cannot travel along the strip with the solvent. The 
acetone solvent will carry free technetium pertechnetate 
(99mTc04-) very rapidly with the solvent front leaving the 
reduced technetium (both bound and unbound) close to the 
origin (2). Figure 2 shows examples of chromatograms 
generated by the dual solvent system. 
As discussed previously, Tc-99m is the most widely used 
isotope for radiopharmaceuticals utilized in clinical nuclear 
medicine. Most labeled agents are prepared from preformulated 
' -~ 
1-----------------------------
A 
J 
100 
8 
0 100 
Figure 2. Two examples of the graphs that would be 
generated by dual solvent chromatography. 
A, using saline and shows the hydrolyzed 
Tc-99m at the origin. The tagged activity 
at 100. B, using the acetone solvent shows 
the tagged activity at 0 and the free at 100. 
10 
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sterile kits. Therefore, much work has been done to develop 
a simple, quick, and reliable chromatographic method to 
determine the radiochemical purity of a compound tagged 
with Tc-99m. 
The major role of technetium chromatography is to deter-
mine ( 10): 
1. Reduced oxidation states of technetium. 
=------------------·----·--- --------- -- -------- -------
2. Radiochemical purity of the radiopharmaceuticals. 
3. Best possible separation system whereby the degree 
of isolation of the labeled radiopharmaceutical is 
significantly different from all other potential 
impurities. 
The inability to separate these radiochemical species 
result in an incorrect evaluation of the radiopharmaceutical. 
If this cannot be accomplished with one simple chromatographic 
system a more sophisticated and expensive system will have 
to be employed (11). The system we have designed for 
utilization and study in our laboratory (ITLC-SG) appears 
to have all the necessary requirements. Two commercial com-
panies have designed systems they claim are faster and re-
liable. The descriptions of the systems are as follows. 
Jnstant Thin Layer Chromatography-Silica Gel (ITLC-SG) 
This system is used by a variety of institutions for 
evaluation of radiopharmaceuticals. These strips should be 
approximately 1 x 15 centimeters. This size strip allows 
one to use a large chromatography tank (Figure 1). ITLC-SG 
12 
has been used by many investigators to evaluate radio-
pharmaceuticals (2,8). Its accuracy has been proven in 
many instances. It is used in this study as an indication 
of what would be the actual value of the percent label. The 
experiment showed good separation with all the radio-
pharmaceuticals in an acceptable amount of time. 
=----------'One_disadvantage_to ITLC ...... SG strips_ is __ tha_t __ they_ar_e 
difficult to handle. The strips can bend very easily which 
would sever the silica gel preventing the complete ascen-
sion of solvent (12). The primary advantage of these 
strips is that they absorb the solvent much faster than 
other types of chromatography paper and give much better 
separation distinction, which is due to the speed which 
these strips absorb the solvent. 
Whatman Paper Chromatography 
This procedure utilizes the same chromatography tanks 
as the ITLC method but uses paper which has the advantage 
of not being as fragile as the ITLC layer. The general 
procedure is the same, however the paper does not absorb 
the solvents as fast as ITLC. Quality control procedures 
in the radiopharmaceutical laboratory necessitates speed 
thus delay does limit its value. The use of Whatman Paper 
has been included in this study as a means of comparison 
to Instant Thin Layer Chromatography. The solvent used with 
Whatman Paper is 85% Methanol which seems to be comparable 
13 
in speed to ITLC-SG and acetone (13). However, in order to 
separate hydrolyzed reduced technetium it is necessary to 
use saline with Whatman strips. The extended length of time 
and lack of distinct separation of this procedure makes it 
impracticable to use Whatman paper to determine hydrolyzed 
reduced technetium in practice. Whatman paper was included 
;------___ in this study to use as a comparison with the commercial 
kits, since the commercialkits use this type of chromatography 
paper. 
The two commercial kits use essentially similar pro-
cedures and contain similar components. The major dif-
.. ferences are the sol vents,. composition of the chromatography 
paper, and the manufacturing process. The commercial kits 
use an acetone-acetic acid mixture to prevent the rapid 
evaporation of acetone alone. The hydrolyzed reduced 
technetium remains at the origin due to formulation of a 
stannous colloid (14). Therefore, with collodial radio-
pharmaceutical products the hydrolyzed reduced technetium 
and the.technetium bound to the radiopharmaceutical cannot 
be differentiated (12). 
EXPERIMENTAL 
The six radiopharmacetuicals and technetium pertechnetate 
were tested utilizing the following guidelines. The technetium 
generator elutions were recorded for each technetium product 
as it was reconstituted. Each radiopharmaceutical lot 
number and the expiration date was recorded. A sample of 
each technetium labeled pharmaceutical was withdrawn at one 
hour intervals and submitted to chromatographic quality con-
trol. The quality control procedure included two ITLC-SG, 
one Whatman Paper, two Tech 1 kit strips, and two MAC 2 kit 
strips and were run in the appropriate solvents, allowed to 
dry and counted. A total of seven analyses for each sample 
every hour, were carried out. 
The counting system consisted of a gamma spectrometer, 
well counter, single channel analyzer, and sodium iodide 
3 
crystal detector. The small commercial strips were cut 
and counted in the appropriate manner. The larger ITLC-SG 
strips and Whatman Paper strips were counted using a Gutkowski 
apparatus (15). This consists of a strip of lead marked off 
in one centimeter increments. There is a one-centimeter hole 
1 Ackerman Nuclear, 12847 Arroyo Street, Sylmar, CA 91342. 
2General Radioisotopes Products, San Ramon, CA. 
3Meditopes Model 210 and 230, E.R.Squibb & Sons, 
Princeton, N.J. 08540. 
14 
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in the lead which allows the exposure of radiation to the 
crystal. After each 'count' the strip is moved along one 
centimeter and the newly exposed strip is counted. This 
provides an efficient means of counting these chromatography 
strips without the need for excessive handling. (Figure 3) 
The actual amount of activity from each radiopharmaceu-
tical spotted on the strir:>__§_QQ_ulci__pe>_t_~xc~e~_ ?_!)_, Q_()_O _coun~~------ __ _ 
per minute. This represents a substantial number of count 
but does not overload the counting system. By not overloading 
the counting system the coincidence loss is minimized. All 
counts were taken for 0.1 minutes (6 seconds). This time 
correlates with counting times used in nuclear medicine 
departments. Two separate counts were performed on all 
the strips. The values reported are the average of these 
two counts. The counts for each 1-cm section of the strip 
were totaled and tagged was calculated using the formulas 
shown in Table II. 
A copy of one actual worksheet used in this experiment 
is included in the appendix. The complete set of work-
sheets is kept with Dr. Donald G. Floriddia, Chairman of 
the Thesis Committee. 
Five vials of each product (See Table I) were reconsti-
tuted, spotted, and counted five times at one hour inter-
vals. Thus, for water soluble products such as DTPA, dipho-
sphonate, pyrophospate and glucoheptonate 175 strips were 
run for each product. For the particulate products; sulfur 
Top View Side View 
----
/ 
' 
Lead Sheet 
I 
~ ~ I 
\ \ 
1 em markings 
"- Aop of Well Counter 
Figure 3. 
'I ,;]1 It:::: 
1 em slot 
Well Counter 
Lead sheet to cover well counter on Gutkowski appa~atus. 
Lead can be enclosed in wood if desired for easierl handling. 
I 
I 
I 
lffn~~~~~~ ~ .. :: IIL:;r:i:m:r:l .. : .II I .. il 
II I I 'cllllfflll!lfRIIrml~lffil· :r·l:l.l~lr.::I 1 1JL:I .: ~:tpl: 1.::!; 
...... 
CJ) 
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Table II: Calculations for Percent Label 
ITLC-SG and Whatman Paper: 
% FREE PERTECHNETATE 
% HYDROLYZED REDUCED Tc-99m 
% LABEL 
Commercial Kits: 
% FREE PERTECHNETATE 
% HYDROLYZED REDUCED Tc-99m 
% LABEL 
= COUNTS AT SOLVENT FRONT 
TOTAL COUNTS 
= COUNTS AT ORIGIN 
TOTAL COUNTS 
= 100 - (% FREE PERTECHNETATE)+ 
(% HYDROLYZED REDUCED Tc-99m) 
= COUNTS AT UPPER HALF 
TOTAL COUNTS 
= COUNTS AT LOWER HALF 
TOTAL COUNTS 
= 100 - (% FREE PERTECHNETATE) + 
(% HYDROLYZED REDUCED Tc-99m) 
18 
colloid and MAA-100 strips each were run. After spotting 
and nitrogen drying the strips, the counts were taken. All 
the strips were nitrogen dried to speed up normal drying 
time, but at the same time prevent oxidation of the radio-
pharmaceuticals. 
PROCEDURES 
Instant Thin Layer Chromatography-Silica Gel (ITLC-SG) 
This procedure requires 5-x 20 em ITLC-SG sheets cut 
into quarters lengthwise. The strips are spotted at one 
end and suspended in the chromatography chambers previously 
illustrated. 
To expedite the drying time the strips were nitrogen 
dried. The use of nitrogen was instituted to reduce the 
likelihood of false high percentages of free technetium 
due to oxidation during drying. 
Twb strips of each product were run. One for free 
pertechnetate and one for hydrolyzed reduced technetium and 
counted using the Gutkowski apparatus previously described. 
In almost every case there was a very distinct separation 
of origin and solvent front. The longer strips allow for 
better separation as opposed to the shorter strips provided 
in the commercial products. 
Whatman Paper Chromatography 
The procedure for these strips is much the same as 
ITLC-SG. However, 85% methanol was used as the solvent 
system instead of acetone. This is the solvent of choice 
when using paper chromatography (13). Using saline to deter-
mine hydrolyzed reduced technetium with Whatman paper 
chromatography is too slow to be routinely utilized in 
19 
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nuclear medicine. The paper used was Whatman #1. With 
these strips there was usually a migration of between 3 and = 
5 centimeters from the poiNt of origin. Therefore, it was 
difficult to precisely determine the separation between 
bound and free technetium. 
Tech Kit by Ackerman Nuclear 
=---------'Th-i-s-k-i-t-eo-n-s-i-s-t-s-e--f-mi-n-i-a-t-ur-i-z-ecl.---p-ape-r---s-t-!!--i-f)s-,--sG-1-v-e-n-t ,,----
and the developing chambers necessary to do chromatography. 
The TECH kit contains: 2 dropper bottles of solvent "A", 
2 dropper bottles of solvent "B", 2 vials of 50 strips each 
of paper "A", 1 vial of 50 strips of paper "B", 1 pair of 
scissors, one foreceps and the instructions for use of the 
kit. The strips are marked with a pencil mark to indicate 
where the strip should be cut. A discussion of the use of 
the TECH kit follows!; 
Procedure "A" 
To determine the percentage of free (+7) 99m-Tc in all 
materials listed: DTPA, glucoheptonate, ~ulfur 6olloid, 
phytate, MAA, microspheres, polyphosphate, diphosphonate, 
Pyrophosphate, HSA, and MDP. 
1. Into one of the developing chamber-s marked "A", 
place approximately 30 drops of solvent "A". 
2. Using aseptic technique, and proper radioisotopes 
handling procedures, remove a small amount of material to 
be tested from its shielded container using a sterile and 
21 
small gauge needle. 
3. Using a strip of "A" paper, place a tiny (5-10 ul) 
drop of material onto the origin (blue line). 
4. With forceps provided, place the paper strip into 
the chamber, origin down, insuring that the paper does not 
touch the sides of the container, and that the solvent does 
not cover the origin. 
5. Allow solvent migration to continue until blue ink 
appears at the very top of the paper strip (3-5 minutes). 
6. Remove the paper strip from chamber (with forceps), 
and either dry, or wet wrap in cellophane tape. 
7. Into the first of two appropriate counting cham-
bers, cutting at the pencil line, cut off the long piece of 
paper (the origin), and place the short piece (the solvent 
front) into a second counting chamber. 
8. Using an appropriately calibrated counting system, 
count each piece of paper, and correct for background and 
resolving time losses (if any). 
9. Calculate the percentage of "free11 (+7) 99m-Tc as 
follows: 
100 x counts of short-piece 
counts of both pieces 
Procedure "B" 
= % '' free 11 99m-Tc 
To determine the percentage of unbound (+4) 99m-Tc in 
all materials except those which contain particulate matter 
i.e., MAA, s.ulfur dolloid, and mi~rospheres. 
22 
1. Into the developing chamber "B" place approximately 
30 drops of solvent "B". 
2. Using aseptic technique, and appropriate radio-
isotope handling procedures, remove a small amount of material 
to be tested with a sterile syringe, and small gauge needle. 
3. Using paper "B", place a tiny (5-10 ul) drop of 
material onto the origin. 
4. Place the strip into the developing chamber, origin 
down, making sure the paper does not touch the sides of 
chamber, or that the solvent does not cover blue line. 
5. Allow the migration to continue until ink appears 
at the top of the strip. 
6. Remove the strip from the chamber, and dry. 
7. Into the first of two counting tubes (or vials), 
cut the paper where indicated and put the origin into the 
tube. 
8. Place the long strip (solvent front) into a second 
counting tube. 
9. Count each strip, correct for background andre-
solving time losses, and calculate the percentage of unbound 
(+4) 99m-Tc as follows: 
counts of short pieces x 100 
counts of both pieces = % unbound (+4) 99m-Tc 
Dispose of all strips in an appropriate manner. 
The sum of all the percentages derived from both pro-
cedure "A" and ''B" will given the total amount of 99m-Tc not 
bound to the radiopharmaceutical. 
23 
MAC Kit by General Radioisotope Products 
This kit consists of miniaturized paper strips, solvents, 
and the chambers necessary for radiopharmaceutical chroma-
tography. It is similar to the Tech Kit by Ackerman except 
for different color codes. The complete MAC kit contains: 
3 chromatography chambers, consisting of a green label, black 
label, and blue label. Respectively, the green and blue 
9---------~---------~ ------~-- ---~------- ---~ 
bottle contain normal saline and the black contains an acetone-
acetic acid mixture. Thirty strips of each color. The green 
line strips are used for checking hydrolysis, the black line 
strips for checking oxidation, and the blue line strips for 
testing of particulate products. Instructions for use of 
the MAC kit is as follows: 
MAC-1 Test Kit 
To determine the chemical state of Tc-99m in pyrophos-
phate, polyphosphate, diphosphonate, DTPA, glucoheptonate, 
and MDP. 
1. Add enough of the solvent from the proper color 
coded plastic dropper bottle to the appropriate chamber so 
that there is 1-2 mm of liquid between the center of the 
chamber bottom and the center of the meniscus. Keep the 
chambers closed except when adding solvent or inserting or 
removing the stip. The chambers may be used repeatedly by 
adding enough solvent before each test to maintain proper 
volume. 
2. Using sterile techniques and safe isotope handling 
~-
~ 
~--
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procedures, withdraw a small amount of the Tc-99m radio-
pharmaceutical solution. Place a 5-10 ul drop on the colored 
line of each of the two chromatography strips (one green and 
one black). 
3. Immediately place each strip vertically in the 
appropriate color coded chamber with the color line at the 
bottom. Do not allow the st:r:i.p§ _ _j;Q_a,dher_e __ tQ_th_e_s_Lde of 
the chamber and seal. 
4. When the color reaches the top of the strip (2i-3 
minutes) remove the strip and prepare for counting. (Strips 
may be left in the chamber for up to 30 minutes without 
affecting the results.) 
5. The strips may be dried or wet-wrapped in cellophane 
tape or placed in test tubes for counting. 
6 .. After drying or wrapping, cut each chromatogram on 
the indicated line to get the following four pieces (two 
from each chromatogram). 
GREEN 
·Black 
(1) White-contains the hydrolyzed activity. 
(2) Green-contains the chemically bound and 
oxidized activities. 
(3) Brown-contains the bound and unbound re-
duced activities. 
(4) Purple-contains the oxidized activity. 
7. Count each piece in a suitable radioactivity measuring 
system. Each piece must be counted in the same geometry and 
for the same length of time. Using this data, determine the 
percent of each state of the Tc-99m as follows: 
25 
%H (Hydrolyzed) = 100 (White Count) (White Count) + (Green Count) 
:; 
%0 (Oxidized) = 100 (Purple Count) 
~ 
(Purple County) + (Brown Count) 
%C (Chemically Bound) = 100 - (%H + %0) 
MAC-2 Test Kit 
in sulfur colloid, MAA, microspheres, and stannous c'hloride. 
1. Add enough solvent from dropper bottle into the 
chamber so that there is 1 to 2 mm of liquid between the 
center of the chamber bottom and the center of the meniscus. 
Keep the chamber closed except when adding solvent or in-
serting or removing the strip. The chamber may be used re-
peatedly by adding enough solvent before each test to main-
tain proper volume. 
2. Using sterile techniques and safe isotope handling 
procedures, withdraw a small amount of the Tc-99m radio-
pharmaceutical solution. Place a 5-10 ul drop on the blue 
line of the chromatography strip. 
3. Immediately place the strip vertically in the cham-
ber with the color line at the bottom. Do not allow the 
color to be immersed in the solvent. Do not allow the strip 
to adhere to the side of the chamber and seal. 
4. When the color reaches the top of the strip (2!-3 
minutes) remove the strip and prepare for counting. (Paper 
may be left in the chamber for up to 30 minutes without 
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affecting the results). 
5. The strip may be dried or wet wrapped in cellophane 
tape or placed in test tubes for counting. 
6. After drying or wrapping, cut the chromatogram on 
the indicated line to get the following two pieces: 
(1) Pale blue-contains the particulated 
activity 
(2) Dark blue-contains the free pertechnetate. 
7. Count each piece in a suitable radioactivity mea-
suring system. Each piece must be counted in the same 
geometry and for the same length of time. Using this data, 
determine the percent of free pertechnetate as follows: 
% FREE PERTECHNETATE = 100 (Dark Blue Count) (Pale Blue Count + Dark 
Blue Count) 
RESULTS 
Compiled on the following pages are the percent tags 
arranged by individual runs, the composite of these runs, 
and graphs showing the comparisons. 
-------- --------------- ------------------------------------------------
-
The composite Percentage Labeling Table includes: 
1) Total percentage labeling for all the products. 
2) Values for Free Tc+7 
3) Values for Free Tc+4 -
The figures following are based on the composite per-
centage labeling tables and give visual comparisons of the 
four types of chromatography tested. The 90% level is illus-
trated on these graphs which would indicate acceptability 
standards for the clinical use of the products tested. 
The Records of Percent Binding Efficiency tables 
consist of: 
1) The date the test was performed. 
2) The product tested. 
3) The products manufacturer and Lot number. 
4) The products expiration date. 
5) The activity the kit was reconstituted with. 
6) The volume the kit was reconstitlited with. 
7) The generator manufacturer, the generator lot 
number, the alumina assay, and the Moly assay. 
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Table III: Pertechnetate Composite Percentage Labeling. 
ITLC-SG 
WHATMAN 
+7 Free Tc 
0 
0 
+4 Free Tc 
0 
- ---- -
----- --
---
TECH 0.54 0.22 
MAC 0.79 0.07 
(A) +7 +4 = 100 - (Tc + Tc ) 
Total Free (A) 
100.00 
100.00 
- -- --
-- -- ---
------
99.24 
99.14 
-----
--
1-- :-- r-- :-- r--
100% 
90% I-- 1-- - 1-·-- f--·-·-
80% 1-
70% 1-
---
-~ 
+7 +4 Total +7 
ITLC-SG WHAT MAN 
....--
,.--
r-
1-- I-- ~---
+7 +4 Total 
TECH 
,..--
+7 
I 
I !_ 
-
- - ---
.t-4 Total 
I 
IVIAC 
i 
Figure 4. Effect of four chromatography procedures on migrant properties 
of chemical states of Technetium-99m from generate~ eluate. 
I I I ··~ II iii ' l:"''llllDifiii"RIIM11fiJ:' , : ·' :::n~~~~r~ J: II I "I) I • [ll ~~:!.:mr::rpn.:1 :.::qm~::1: 
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Table IV-A. Record of Percent Binding Efficiency. 
Date: 
Product: 
Mfg, Lot#: 
Exp. Date: 
System 
ITLC-SG 
Acetone 
ITLC-SG 
Saline 
Whatman 
Paper 
TECH A 
TECH B 
MAC A 
MAC B 
12-6-77 
Tc-99m 
NEN Gen 
a 
0 
0 
0 
2.02 
0 
1.60 
0 
Activity, Vol.: 24.5mCi, 1.0 ml 
Generator Mfg.: NEN 
Mfg. Lot No.: 7749-2F-96 
Alum. Assay: NEG 
Moly. Assay: 0 
b c d e 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0.57 0.62 0.49 0.04 
0 0. 36 0.55 0. 74 
0.89 l. 37 0.61 0.61 
0.38 0 0.17 0 
-
t= 
.; 
~-
~F-
~ 
~ 
---
~ ~ 
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Table IV-B. Record of Percent Binding Efficiency. 
Date: 12-6-77 Activity, Vol.: 48.3mCi, 2.0 ml 
~-
Product: Tc-99m Generator Mfg.: NEN 
Mfg, Lot#: NEN Gen Mfg. Lot No.: 7749-2F-96 
Exp. Date: Alum. Assay: NEG 
Moly. Assay: 0 
System a b c d e 
ITLC-SG -
Acetone 0 0 0 0 0 
ITLC-SG 
Saline 0 0 0 0 0 
Whatman ~; 
Paper 0 0 0 0 0 ~ 
TECH A 0 0.14 0.97 0.4 O.ll 
TECH B 0.08 0.51 0 0 O.ll 
MAC A 0.39 0.34 0.88 0.57 0.97 
MAC B 0 0 0 O.ll 0 
~ 
I 
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Table V: PYROPHOSPHATE--Composite Percentage Lab.eling 
ITLC-SG 
WHATMAN 
TECH 
MAC 
+7 Free Tc-
1.17 
0.01 
---------
0.95 
1.41 
(A) = 100- (Tc+7 + Tc+4 ) 
+4 Free Tc 
6.99 
--- --- ---------------- ------- -----
16.09 
13.28 
Total % Label (A) 
91.84 
99.99 
--- -- --- ---------- ---
-------
82.96 
85.31 
-- --
--
f 
~--
II IIIII 'II' lln~llllllll'lii'illiillllljli'l,lll' '" '" 
- r--
100% 
-
...---
r--
r--
r--
90% i--- - r-- ---- :----- -------- --------
80% '-
70% i-
+7 +4 Total +7 +7 
ITLC-SG WHATMAN 
...---
r--
+4 Total +7 
TECH 
c--
r--
: 
!I 
+4 Total 
I 
MAC 
Figure 5. Comparison of percent labeling of Pyrophosphate by 'chemical 
states of Tc-99m using four chromatography methods 
.. I] '111!"1 
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Table VI-A. Record of Percent Binding Efficiency. 
Date: 11-10-77 Activity, Vol.: 57.3mCi, 3.0 ml [ 
Product: Pyrophosphate Generator Mfg.: NEN 
Mfg, Lot#: MALL, 7EM M f g . Lot No . : 7745-2F-55 
Exp. Date: 11-13-77 Alum. Assay: NEG 
---Muly: ··Assay:-- - -o- ---- -
Sy,stem a b c d e 
ITLC-SG 99.09 98.86 99.32 97.25 98.76 .. 
Acetone 
ITLC-SG 
Saline 4.09 2.15 2.44 3.25 2.86 f 
.~ 
Whatman ~~-
Paper 100 100 100 100 100 ~ 
TECH A 99.94 99.70 99.86 99.69 99.51 
TECH B 17.33 17.32 15.41 13.15 14.20 
MAC A 99.90 99.53 99.36 99.14 99.50 
MAC B 8.84 8.50 9.85 9.31 8.66 
~ 
E 
~ 
i 
-
35 
Table VI-B. Record of Percent Binding Efficiency. 
Date: 12-1-77 Activity, Vol.: 45.8mCi, 3.0 ml 
Product: Pyrophosphate Generator Mfg.: Squibb 
Mfg, Lot#: Mall, 0947012 Mfg. Lot No.: 8831D2-2220 
Exp. Date: 3-27-78 Alum. Assay: NEG 
Moly. Assay: 0 
System a b c d e 
ITLC-SG 
Acetone 98.94 98.20 100 99.21 98.95 
ITLC-SG ;::;; 
Saline 4.03 8.83 8.42 10.42 8.57 ~--, 
~-
§-= 
Whatman ~ 
Paper 100 100 100 100 100 
TECH A 98.39 98.11 97.66 97.81 97.49 
TECH B 5.28 22.09 62.12 22.26 20.19 
MAC A 94.93 97.25 98.55 97.76 97.43 
MAC B 14.83 18.13 19.03 18.71 17.35 I § 
i 
F! 
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Table VI-C. Record of Percent Binding Efficiency. 
Date: 12-1-77. Activity, Vol.: 55.5mCi, 5.5 ml 
Product: Pyrophosphate Generator Mfg.: NEN 
Mfg, Lot#: MALL, 0947012 Mfg. Lot No.: 7748-2F-105 
Exp. Date: 3-27-78 Alum. Assay: NEG 
Moly. Assay: 0 
System a b c d e 
·-
ITLC-SG 
Acetone 100 100 98.30 98.60 98.48 
ITLC-SG ..,-----
Saline 6.51 8.65 11.44 9.93 13.46 2 
'l 
~-
§-=-
Whatman ~ 
Paper 100 100 100 100 100 
TECH A 100 100 100 99.13 98.93 
TECH B 17.56 17.70 22.21 33.81 98.93 
MAC A 100 100 99.84 99.38 99.34 
MAC B 19.99 18.85 22.77 14.35 14.89 I 
~ 
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Table VI-D. Record of Percent Binding Efficiency. 
Date: 12-l-77 Activity, Vol.: 44.3mCi, 3.0 ml 
Product: Pyrophosphate Generator Mfg.: Squibb 
Mfg, Lot#: MALL, 0947012 Mfg. Lot No.: 8831D2-2220 
Exp. Date: 3-27-78 Alum. Assay: NEG 
-----------------
Moly. Assay: 0 
System a b c d e 
ITLC-SG 
Acetone 99.69 99.55 99.22 99.60 99.42 
ITLC-SG 
Saline 4.99 5.31 5.54 4.17 4.41 -
.,-
s-~ 
Whatman :: 
Paper 100 100 100 100 100 ---
TECH A 98.94 98.80 99.24 99.15 99.03 
TECH B 12.12 11.18 12.64 12.07 15.26 
MAC A 98.87 97.95 98.59 98.13 97.60 
MAC B 10.12 10.48 9.85 7.75 9.98 
li 
F 
~ 
I! 
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Table VI-E. Record of Percent Binding Efficiency. 
Date: 12-2-77 Activity, Vol.: 56.2mCi, 0.4 ml 
Product: Pyrophosphate 
Mfg. Lot#: MALL, 0947012 
Exp. Date: 3-27-78 
System a b 
ITLC-SG 
Acetone 98.38 98.32 
Generator Mfg.: Squibb 
M f g . Lot No . : 8831D2-2220 
Alum. Assay: NEG 
Moly. ·Assay: -o 
c d e 
97.89 97.83 98.01 
ITLG-SG 
Saline 5.62 4.15 6.28 11.76 14.56 
Whatman 
Paper 
TECH A 
TECH B 
MAC A 
MAC B 
100 
98.93 
10.56 
98.93 
11.45 
100 100 100 100 
99.21 99.13 98.84 98.76 
8.09 7.36 8.69 9.43 
98.77 98.51 98.31 98.11 
11.94 12.09 14.19 13.73 
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Table VII. DIPHOSPHONATE--Composite Percentage Labeling. 
ITLC-SG 
WHATMAN 
+7 Free Tc 
0.69 
0.39 
'I'-ECH-- -----------___ 0_._79__ _ 
MAC 0.92 
(A) = 100- (Tc+7 + Tc+4 ) 
+4 Free Tc 
3. 73. 
- - _7_ ._3_ - - - - -
5.79 
Total % 
Label (A) 
95.58 
99.61 
9L3L _____ _ 
93.29 
I I 11 II"'~ '"'IID~IIIIIIIhlll•l·•llh•'ll''i'l''ll·' cub"-"--~ 
- r--100% 
.--
r-
90% ~-- - - r--- --
80% -
70% -
+7 +4 Total +7 +7 +4 Total 
ITLC-SG WHATMAN TECH 
--
+7 +4 Total 
I 
Mft~c 
' 
---
Figure 6. Comparison of percent labeling of Diphosphonate by :chemical 
i I I :1 ' Ill!! 
states of Tc-99m using four chromatography methods. 
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Table VIII-A. Record of Percent Binding Efficiency. 
.~----
~ 
Date: ll-9-77 Activity, Vol.: 73.7mCi, 3.0 ml 
Product: Diphosphonate Generator Mfg.: Squibb 
Mfg, Lot#: DI, BNA-15 Mfg. Lot No.: 8831DP-2220 
_ ------~P. Date: 5-78 
---------
---
Alum. Assay: NEG 
--
-
Moly. Assay: 0.1uCi 
System a b c d e 
ITLC-SG 
Acetone 100 100 99.73 99.52 98.03 
ITLC-SG 
Saline 3.87 3.81 6.4 4.66 2.22 r 
b 
Whatman g--~ 
Paper 100 100 100 100 100 ~ 
TECH A 100 100 100 99.25 98.16 
TECH B 8.73 16.71 8.04 26.86 7.46 
MAC A 100 99.97 100 99.38 98.18 
MAC B 5.97 1. 73 3.90 9.51 7.08 
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Table VIII-B. Record of· Percent Binding Efficiency. 
Date: 11-9-77 
Product: Diphosphonate 
Mfg, Lot#: DI, BNA-15 
Exp. Date: 5-78 
System a 
ITLC-SG 100 
Acetone 
ITLC-SG 
Saline 5.62 
Whatman 
Paper 100 
TECH A 99.87 
TECH B 9.79 
MAC A 99.79 
MAC B 6.57 
Activity, Vol.: 77.8mCi, 3.0 ml 
Generatoi Mfg. : Squibb 
Mfg. Lot No.: 8831 DP-2220 
Alum. Assay: NEG 
Moly-; -Assay~- - - 0. 2uCi 
b c d e 
100 100 97.87 96.68 
4.83 5.67 2.57 4.42 
100 100 98.75 97.29 
99.87 99.80 98.16 96.36 
11.20 3.78 6.68 7.04 
99.81 99.20 96.86 96.64 
5.32 8.40 8.21 7.94 
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Table VIII-C. Record of Percent Binding Efficiency. 
Date: 11-9-77 Activity, Vol.: 79.5mCi, 3.0 ml 
Product: Diphosphonate Generator Mfg.: Squibb 
Mfg, Lot#: DI, BNA-15 Mfg. Lot No.: 8831DP-2220 
Exp. Date: 5-78 Alum. Assay: NEG 
System a b c d e 
ITLC-SG 
Acetone 100 99.85 100 95.98 96.31 
ITLC-SG 
Saline 3.25 4.04 8.29 0.80 3.98 
Whatman 
Paper 100 100 100 97.99 96.70 
TECH A 99.92 99.86 98.64 96.44 95.60 
TECH B 18.04 13.82 6.29 8.82 9.21 
MAC A 100 99.86 98.65 95.70 94.60 
MAC B 6.94 5.47 9.25 7.61 5.49 
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Table VIII-D. Record of Percent Binding Efficiency. 
Date: 11-10-77 Activity, Vol.: 53. OmCi, 3.0 ml 
Product: Diphosp.honate Generator Mfg.: NEN 
Mfg, Lot#: DI, BNA-15 Mfg. Lot No.: 7745-2F-55 
Exp. Date: 5-78 Alum. Assay: NEG 
-------
------
Moly. Assay: 0 
System a b c d e 
ITLC-SG 
Acetone 100 100 100 100 100 
ITLC-SG 
Saline 1. 89 3.01 3.84 2.18 1. 84 
Whatman 
Paper 100 100 100 100 100 
TECH A 99.93 99.95 99.20 99.89 99.78 
TECH B 2.97 4.72 5.06 5.25 2.34 
MAC A 99.90 100 100 99.91 99.80 
MAC B 4.82 3.89 5.30 4.67 3.11 
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Table VIII-E. Record of Percent Binding Efficiency. 
Date: 11-10-77 
Product: Diphosphonate 
Mfg, Lot#: DI, BNA-15 
Exp. Date: 5-78 
Activity, Vol.: 45.3mCi, 3.2 ml 
Generator Mfg.: NEN 
Mfg. Lot No. : 7745-2F-55 
Alum. Assay: NEG 
-------Moly~ Assay:-- - -o ----- -- -
System a b c d e 
ITLC-SG 100 100 100 100 100 
Acetone 
ITLC-SG 
Saline 4.26 3.09 3.32 4.31 1. 67 
Whatman 
Paper 100 100 100 100 100 
TECH A 100 100 100 99.78 99.87 
TECH B 4.53 3.73 4.48 4.44 5.54 
MAC A 100 100 99.50 99.18 99.85 
MAC B 5.22 6.22 3.67 3.39 4.78 
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Table .IX. SULFUR COLLOID--Composite Percentage Labeling 
Free Tc +7 Free Tc+4 Total % Label 
(A) 
ITLC-SG 0.49 0 99.51 
WHATMAN 2.65 0 97.35 
---
TECH 6.69 0 93.31 
MAC 1.46 0 98.54 
(A) = 100 ·- (Tc+7 + Tc +4 ) 
100% ~ 
r----
90% r-----
---
1--- r--- 1-----
80% i-
70% 
-
ITLC-SG WHATMAN TECH MAC 
Figure 7. Comparison of percent labeling of Sulfur 
Colloid by chemical states of Tc-99m using 
four chromatography methods. 
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Table X-A. Record of Percent Binding Efficiency. 
Date: 11-8-77 Activity, Vol.: 40.0mCi, 3.0 ml 
Product: Sulfur Colloid Generator Mfg.: Squibb 
Mfg, Lot#: Squibb, 7E934 Mfg. Lot No.: 7994 8831DH2220 
Exp. Date: 4-1-79 Alum. Assay: NEG 
---------------
Mo-ly. Ass-ay: --o- -- ---
System a b c d e 
ITLC-SG 
Acetone 100 99.59 99.49 99.45 99.15 
I'ILC-SG 
Saline 
Whatman 
Paper 96.17 96.24 100 98.82 98.29 
TECH A 87.77 98.47 92.25 94.47 92.31 
TECH B 
MAC A 98.69 93.93 99.02 97.60 99.12 
MAC B 
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TABLE X-B. Record of Percent Binding Efficiency. 
Date: 11-8-77 
Product: Sulfur Colloid 
Mig, Lot#: Squibb, 7E934 
Exp. Date: 4-1-79 
System a 
ITLC-SG 
Acetone 99.79 
ITLC-SQ 
Saline 
Whatman 
Paper 94.13 
TECH A 90.69 
TECH B 
MAC A 98.40 
MAC B 
Activity, Vol.: 39.0mCi, 3.0 ml 
Generator Mfg.: Squibb 
Mfg. Lot No.: 7994 8831Dh2220 
Alum. Assay: NEG 
b c d e 
99.27 99.02 99.70 99.44 
95.68 99.69 95.45 97.04 
87.70 94.50 92.56 92.52 
98.25 98.13 98.87 97.89 
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Table X-C. Record of Percent Binding Efficiency. 
Date: 11-8-77 Activity, Vol.: 36.0mCi, 3.0 ml 
Product: Sulfur Colloid Generator Mfg.: Squibb 
Mfg, Lot#: Squibb, 7E934 Mfg. Lot No.: 7994 8831DH2220 
Exp. Date: 4-1-79 Alum. Assay: NEG 
~ioly. Assay: -------0------------- ---- ----------
System a b c d e 
ITLC-SG 99.84 99.34 99.57 98.85 98.41 
Acetone 
ITLC-SG 
Saline 
Whatman 
Paper 98.28 95.64 96.94 98.52 90.58 
TECH A 87.04 85.02 92.39 90.02 92.10 
TECH B 
MAC A 98.81 98.48 97.42 97.92 98.73 
MAC B 
~ 
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Table X-D. Record of Percent Binding Efficiency. 
Date: 11-8-77 Activity, Vol.: 43.2mCi, 3.0 ml 
Product: Sulfur Colloid Generator Mfg.: NEN 
Mfg, Lot#: Squibb, 7E934 Mfg. Lot. No.: 7744-2F-116 
Exp. Date: 4-1-79 Alum. Assay: NEG 
Moly. Assay: 0 
System a b c d e 
ITLC-SG 
Acetone 100 99.71 99.78 99.72 99.16 
ITLC-SG 
Saline 
Whatman 
Paper 99.36 97.92 100 97.99 99.02 
TECH A 96.30 96.27 97.03 97.43 97.02 
TECH B 
MAC A 99.65 99.09 98.87 99.56 99.45 
MAC B 
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Table X-E. Record of Percent Binding Efficiency. 
Date: 11-8-77 Activity, Vol.: 38.0mCi, 3.0 ml 
Product: Su~fur Colloid Generator Mfg.: NEN 
Mfg, Lot#: Squibb, 7E934 Mfg. Lot No.: 7744-2F-116 
Exp. Date: 4-1-79 Alum. Assay: NEG 
Moly. Assay: 0 
System a b c d e 
ITLC-SG 
Acetone 99.72 99.35 99.54 99.90 98.81 
ITLC-SG 
Saline 
Whatman 
Paper 97.18 97.92 97.66 98.14 98.27 
TECH A 94.02 95.93; 96.34 96.21 95.64 
TECH B 
MAC A 99.37 99.20 95.75 98.78 99.30 
MAC B 
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Table XI. GLUCOHEPTONATE--Composite Percentage Labeling. 
Free Tc +7 Free Tc +4 Total % Label (A) 
ITLC-SG 0.4·5 3.75 95.80 
WHATMAN 0.03 99.97 
TECH 1.45 14.94 83.61 
------
------
MAC 1.49 9.49 89.02 
(A) = 100- (Tc+7 + Tc+4 ) 
IIIII 1' !!DI!II!!I!'I!\I!I!!I!J•!irJ!i!'!I'!JI 
100% r- ,--
Figure 8. 
;---
,--
,...--
r- ,...--
90% f--- r-- - 1----- ---- --------- r--~-~------
r-
,---
-
80% f-
70% r-
i 
--'---------
+7 +4 Total +7 +7 +4 Total +7 !+4 Total 
ITLC-SG WHAT MAN TECH ~v1AC 
Comparison of percent labeling of Glucoheptonate by chemical 
states of Tc-99m using four chromatography method~:. 
CJ1 
If>. 
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Table XII-A. Record of Percent Binding Efficiency. 
Date: 12-11-77 Activity, Vol.: 82.6mCi, 3.0 ml 
Product: Glucoheptonate Generator Mfg.: Squibb 
Mfg, Lot#: Ackerman, 5017 Mfg. Lot No.: 8831-EL-2220 
Exp. Date: 6-29-78 Alum. Assay: NEG 
------------------------- ----Moly .--Assay-: -- - -8 
System a b c d e 
ITLC-SG 
Acetone 99.29 99.23 99.21 99.13 98.96 
ITLC-SG 
Saline 3.10 3.17 3.73 4.20 4.32 
Whatman 
Paper 100 100 100 100 100 
TECH A 99.86 99.70 99.42 99.32 99.14 
TECH B 15.10 16.85 16.31 15.01 14.93 
MAC A 99.27 99.25 99.22 99.13 99.18 
MAC B 7.58 7.02 7.32 5.44 7.57 
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Table XII-B. Record of Percent Binding Efficiency. 
Date: 12-11-77 Activity, Vol.: 92.6mCi, 3.0 ml 
Product: Glucoheptonate Generator Mfg.: Squibb 
Mfg, Lot#: Ackerman, 5017 Mfg. Lot. No.: 8831-EL-2220 
Exp. Date: 6-29-78 Alum. Assay: NEG 
----
------ -- -
Moly. Assay: 0 
System a b c d e 
ITLC-SG 
Acetone 99.80 99.85 99.64 99.75 99.63 
ITLC-SG 
Saline 2.78 2.21 2.73 2.37 2.77 
Whatman 
Paper 100 100 100 100 100 
TECH A 99.46 99.40 99.58 99.17 99.17 
TECH B 17.61 15.64 14.74 14.87 13.45 
MAC A 99.19 99.20 99.30 98.93 99.11 
MAC B 17.37 14.25 13.48 15.32 14.55 
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Table XII-C. Record of Percent Binding Efficiency. 
Date: 12-14-77 Activity, Vol.: 68.3mCi, 2.0 ml 
Product: Glucoheptonate Generator Mfg.: Squibb 
Mfg,Lot#: Ackerman, 5017 Mfg. Lot No.: 8831-ER-2220 
Exp. Date: 6-29-78 Alum. Assay: NEG 
Moly-. ·Assay: - - - --o- --
System a b c d e 
ITLC-SG 
Acetone 99.88 99.35 99.84 99.76 99.75 
ITLC-SG 
Saline 3.49 5.02 5.67 1.41 3.76 
Whatman 
Paper 100 100 100 100 100 
TECH A 98.42 98.48 96.98 98.42 98.17 
TECH B 19.06 19.36 16.83 13.01 13.55 
MAC A 98.91 98.25 97.73 97.46 97.35 
MAC B 7.06 7.88 11.78 12.72 12.67 
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Table XII-D. Record of Percent Binding Efficiency. 
Date: 12-14-77 Activity, Vol.: 67.9mCi, 2.0 m1 
Product: Glucoheptonate Generator Mfg.: Squibb 
Mfg, Lot#: Ackerman, 5017 Mfg. Lot No. : 8831-ER-2220 
Exp. Date: 6-29-78 Alum. Assay: NEG 
---- -
Moly. Assay: 0 
Slysteni a b c d e 
ITLC-SG 99.93 99.44 99.94 99.22 99.21 
Acetone 
ITLC-SG 
Saline 3.91 4.37 6.33 . 4.01 4.83 
Whatman 
Paper 100 100 100 100 100 
TECH A 98.60 97.85 97.09 97.66 97.29 
TECH B 7.22 14.98 20.65 13.80 14.71 
MAC A 99.64 98.20 97.50 97.40 97.60 
MAC B 3.86 6.88 10.29 6.90 8.15 
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Table XII-E. Record of Percent Binding Efficiency. 
Date: 12-14-77 Activity, Vol.: 68.5mCi, 2.0 ml 
Product: Glucoheptonate Generator Mfg.: Squibb 
Mfg, Lot#: Ackerman, 5017 Mfg. Lot No.: 8831-ER-2220 
Exp. Date: 6-29-78 Alum. Assay: NEG 
---
-Moly-. --A-ssay: -n- -- ----
System a b c d e 
ITLC-SG 
Acetone 99.90 99.79 99.90 99.49 99.55 
ITLC-SG 
Saline 1.82 6.71 7.29 1.61 1. 83 
Whatman 
Paper 100 100 100 100 100 
TECH A 99.35 98.79 98.37 98.08 96.11 
TECH B 9.74 19.16 16.96 10.11 10.65 
MAC A 99.67 99.10 97.34 98.77 96.04 
MAC B 7.37 5.68 10.30 7.85 9.17 
-
~ 
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Table XIII. DTPA--Composite Percentage Labeling. 
Free Tc +7 Free Tc +4 Total % Label (A) 
ITLC-SG 0. 56 1.7 97.74 
WHATMAN 0.26 99.74 
TECH 7.66 3.4 88.94 
MAC 11.83 2.18 85.99 
(A) = 100 - (Tc+7 + Tc+4 ) 
100% 
-
90% ,.--
80% r-
70% I-
11· !IDI!IIIII~li'IIH' ~n hii:J!il'll·•!l· 
:--
,..-- r-
;--
r-
;--
1-- 1-- 1---- --·-r--1-- -------·- 1------
r-
+7 +4 Total +7 +7 +4 Total 
ITLC-SG WHAT MAN TECH 
.---
+7 
r-
I 
+4 Total 
i 
MA.C 
Figure 9. Comparison of percent labeling of DTPA by chemica~ states 
of Tc-99m using four chromatography methods. (j) 
f-l. 
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Table XIV-A. Record of Percent Binding Efficiency. 
System a b c d e 
ITLC-SG 
Acetone 98.75 99.6 98.6 100 99.3 
ITLC-SG 
Saline 1.95 2.95 0.73 1. 05 0.3 
Whatman 
Paper 97.83 99.35 99.5 100 99.7 
TECH A 95.85 92.45 93.45 94.5 91.75 
TECH B 26.15 1.6 0.55 0.95 1. 55 
MAC A 90.3 90.0 86.65 86.95 84.95 
MAC B 1.8 0.7 1.1 0.8 1.7 
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Table XIV-B. Record of Percent Binding Efficiency. 
Date: 10-30-77 Activity, Vol.: 51.2mCi, 2.7 ml 
Product: DTPA Generator Mfg.: NEN 
Mfg, Lot#: uc, A05C78M Mfg. Lot. No: 7743-2115 
Exp. Date: 3-10-78 Alum. Assay: NEG 
----
-----
--- --- Moly-; Assay:- 8 -- -
~ystem a b c d e 
ITLC-SG 
Acetone 99.3 99.05 99.25 98.95 99.7 
ITLC-SG 
Saline 1.10 1. 75 3.2 2.8 0.65 
Whatman 
Paper 99.55 100 100 100 100 
TECH A 87.25 88.30 93.45 93.6 91.10 
TECH B 4.7 4.5 4.35 4.95 2.75 
MAC A 87.65 85.85 84.95 85.55 86.85 
MAC B 2.35 4.45 3.65 3.45 5.0 
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Table XIV-C. Record of Percent Binding Efficiency. 
Date: 10-30-77 Activity, Vol.: 49.9mCi, 2.7 ml 
Product: DTPA Generator Mfg.: NEN 
Mfg, Lot#: UC, A05C78M Mfg. Lot No.: 7743-2F-115 
Exp. Date: 3-10-78 Alum. Assay: NEG 
---~---~------------ ------------- -----~~1ol-Jr. ---. .L~ssaJr -:--
_Q ---- --
System a b c d e 
ITLC-SG 
Acetone 99.45 99.45 99.45 99.55 99.50 
ITLC-SG 
Saline 5.55 5.30 5.65 5.45 4.20 
Whatman 
Paper 100 100 100 100 100 
TECH A 92.60 92.45 93.00 86.15 87.30 
TECH B 4.85 5.80 6.35 6.50 4.90 
MAC A 77.40 86.55 84.65 83.40 85.10 
MAC B 3.1 4.45 4.90 4.70 3.70 
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Table XIV-D. Record of Percent Binding Efficiency. 
Date: 11-2-77 
Product: DTPA 
Mfg, Lot#: UC, A05C78M 
Exp. Date: 3-10-78 
System a 
ITLC-SG 
Acetone 100 
ITLC-SG 
Saline 0 
Whatman 
Paper 100 
TECH A 96.30 
TECH B 1.1 
MAC A 93.10 
MAC B 0.65 
Activity, Vol.: 44.6mCi, 3.0 ml 
Generator Mfg.: Squibb 
Mfg. Lot No. : 8831DH-2220 
Alum. Assay: NEG 
b c d e 
100 99.95 99.85 99.8 
0. 35 0 0.3 0.35 
100 100 100 100 
88.75 96.35 94.30 86.60 
0.6 0.4 0.45 1. 25 
93.50 93.00 92.05 94.40 
0.35 0.55 0.40 0.50 
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Table XIV-E. Record of Percent Binding Efficiency. 
Date: 11-1-77 Activity, Vol.: 45.6mCi, 3.0 ml 
Product: DTPA Generator Mfg.: Squibb 
Mfg.Lot#: UC, A05C78M Mfg. Lot No.: 8831DH-2220 
Exp. Date: 3-10-78 Alum. Assay: NEG 
---------------- ----rvfe~l:l•-- -Assa-Jl-; -Q --
System a b c d e 
ITLC-SG 
Acetone 99.90 100 99.90 100 99.90 
ITLC-SG 
Saline 0.25 0 0 0.30 0.45 
Whatman 
Paper 100 100 100 100 100 
TECH A 91.15 96.15 96.40 96.50 96.25 
TECH B 0.95 0.55 0.70 0.60 0.95 
MAC A 91.3 90.75 90.35 88.05 92.70 
MAC B 0.6 0.75 0.35 0. 30 0.50 
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Table XV. MAA--Composite Percentage Labeling. 
+7 Free Tc +4 Free Tc Total % Label (A) 
ITLC-SG 1. 89 0 98.11 
______ WHATMAN ______ ~----~_._13 __________ Q _____ ~ _____ ~ _9_8. 87 
TECH 1.74 0 98.26 
MAC 3.34 0 96.66 
100% f-
90% f----·- --- --- ~-- ~----
80% 
-
70% 
-
ITLC-SG WHATMAN TECH MAC 
Figure 10. Comparison of percent labeling of MAA 
by chemical states of Tc-99m using four 
chromatography methods. 
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Table XVI-A. Record of Percent Binding Efficiency. 
Date: 11-6-77 Activity, Vol.: 40.8mCi, 2.5 ml 
Product: MAA Generator Mfg.: Squibb 
Mfg, Lot#: Squibb, 7B989 Mfg. Lot No.: 8831DA2220 
Exp. Date: 12-1-77 Al urn. Assay : NEG 
-----
Moly. Assay: 0 
System a b c d e 
ITLC-SG 
Acetone 96.72 97.84 97.85 99.32 96.35 
ITLC-SG 
Saline 
Whatman 
Paper 100 100 99.06 97.99 98.17 
TECH A 98.15 97.68 97.37 98.06 98.41 
TECH B 
MAC A 96.48 96.31 96.57 96.49 97.71 
MAC B 
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Table XVI-B. Record of Percent Binding Efficiency. 
Date: ll-6-77 Activity, Vol.: 40.4mCi. 2.5 ml 
Product: MAA Generator Mfg.: Squibb 
Mfg, Lot#: Squibb, 7B989 Mfg. Lot No.: 8831DA2220 
Exp. Date: 12-l-77 Alum. Assay: NEG 
- -- -Moly. Assay~ 0 -- -- - -----------------
System a b c d e 
ITLC-SG 
Acetone 99.75 99.05 97.05 97.55 98.95 
ITLC-SG 
Saline 
Whatman 
Paper 100 98.50 99.55 97.40 97.70 
TECH A 98.60 97.15 98.70 97.35 98.10 
TECH B 
MAC A 97.05 97.00 96.05 96.00 97.40 
MAC B 
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Table XVI-C. Record of Percent Binding Efficiency. 
Date: 11-7-77 Activity, Vol.: 26.9mCi, 3.0 ml 
Product: MAA Generator Mfg.: Squibb 
Mfg, Lot#: Squibb, 7B989 Mfg. Lot No.: 8831DA2220 
Exp. Date: 12-1-77 Alum. Assay: NEG 
----
---- Moly~ Assay-: 0------ ---
System a b c d e 
ITLC-SG 
Acetone 98.67 95.82 99.68 98.85 99.35 
ITLC-SG 
Saline 
Whatman 
Paper 99.41 98.26 99.54 99.25 98.68 
TECH A 99.44 98.47 98.66 98.26 96.90 
TECH B 
MAC A 98.83 98.02 98.06 99.29 97.00 
MAC B 
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Table XVI~D. Record of Percent Binding Efficiency. 
Date: 11-7-77 Activity, Vol.: 23.7mCi, 3.0 ml 
Product: MAA Generator Mfg.: Squibb 
Mfg, Lot#: Squibb, 7B989 Mfg. Lot No.: 8831DA2220 
Exp. Date: 12-1-77 Alum. Assay: NEG 
----
---Moly. ----As s-a~t---;-- () v- - -- --- -- ----
System a b c d e 
ITLC-SG 
Acetone 99.56 99.15 96.64 99.61 96.45 
ITLC-SG 
Saline 
Whatman 
Paper 98.45 97.83 98.74 100 99.31 
TECH A 99.14 98.87 98.12 98.43 98.33 
TECH B 
MAC A 96.75 96.47 97.45 98.55 96.93 
MAC B 
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Table XVI-E. Record of Percent Binding Efficiency. 
Date: 11-7-77 Activity, Vol.: 15.0mCi, 2.5 ml 
Product: MAA Generator Mfg.: Squibb 
Mfg, Lot#: Squibb, 7B989 Mfg. Lot No.: 8831DA2220 
Exp. Date: 12-1-77 Alum. Assay: NEG 
.... Moly. -Assay: _ .... 0 
System a b c d e 
ITLC-SG 
Acetone 98.06 97.47 96.98 99.02 99.62 
ITLC-SG 
Saline 
Whatman 
Paper 100 97.04 99.26 99.49 98.94 
TECH A 96.61 99.39 98.70 98.41 98.94 
TECH B 
MAC A 87.29 97.53 95.44 92.84 98.01 
MAC B 
DISCUSSION 
The ITLC-SG chromatography system used in this study 
has been shown to be reliable by several investigators. 
Billinghurst has utilized the saline-acetone dual solvent 
system in his research (8). Colombetti in his research stated 
types of chromatography (2). In this experiment the ITLC-SG 
system was used as a comparative method for the other systems. 
Although the total time for chromatographic development with 
liquid ITLC-SG was longer than. that required for the commer-
cial miniature strips, it was not prohibitively long. 
If a quality control system reveals that a radio-
pharmace-utical is tagged less than 90% the result would be 
an inferior clinical image (16,17). The accuracy of the 
chromatography system should be reliable so that when it 
indicates that a product is of a high quality one can be con-
fident of good clinical results. However, if the chromatog-
raphy system gives you false levels of free technetium the 
product would be needlessly discarded. This would increase 
the cost/benefit ratio to the patient. Therefore, the data 
involved in this research will be discussed by product and 
evaluated. 
The present tagging discussed can be found in Table 
XVII which shows the composite tagging efficiency for the 
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Table XVII. Total Percent Label. 
PYROPHOSPHATE DIPHOSPHONATE SULFUR COLLOID 
ITLC-SG 91.84 95.58 99.51 
WHATMAN . 99.99 99.96 97.35 
TECH KIT 82.96 91.31 97.35 
MAC KIT 85.31 93.29 98.54 
MACROAGGREGATE 
GLUCOHEPTONATE DTPA ALBUMIN 
ITLC-SG 95.80 97.74 98.11 
WHATMAN 99.97 99.74 98.87 
TECH KIT 83.61 88.94 98.26 
MAC KIT 89.02 85.99 96.65 
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various technetium products. This table shows a good compari-
son between all the different types of chromatography systems. 
Pyrophosphate 
The ITLC-SG gave a value of 91.84% tag. The Whatman 
Paper showed a resistance to travel the strip and showed 
essentially a 100% tag. The commercial kits showed substan-
t-i-a-1-1-:>t-h-i-gh-e-r---1-e-v-e-ls- ef-- f-r-ee-- -technet-i urn. --In-- -Elson '-s--- resea~c-h--,------------
quality assurance for Tc-99m pyrophosphate, the chromatography 
used was ITLC-SG and 85% methanol (10). Evidently, others 
have had problems using Whatman paper in evaluating pyro-
phosphate. The value of using 85% methanol in place of 
acetone is questionable. Some people prefer 85% methanol 
because it does not evaporate as fast as acetone and is not 
as flammable (18). The efficiency obtained from the chroma-
tography appears to be the same. The commercial kits 
gave much higher values of free pertechnetate. As it is not 
possible to make the free pertechnetate remain at the 
origin if good techniques were followed one would have to 
assume that the ITLC-SG result of 91.84% would be correct. 
It would be assumed that the commercial kits are giving a 
false level of free pertechnetate in this case. In addition 
the Whatman Paper for some reason is showing resistance to 
separation. 
Diphosphonate . 
The commercial kits gave a value for the tagged 
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pharmaceutical much closer to that of the ITLC-SG. The 
percent difference was small but even this small amount could 
be below acceptable limits. An example would be, if a 
technetium product was labeled at 92% and the commercial 
kit gave a reading of 4% lower than the actual tagged per-
cent, this would yield a tag of 88%. This is below the 
level most practioners would administer to their patients. 
However, the product is usable. The commercial kits were 
similar in regards to diphosphate but still fell significantly 
below the percentages obtained with ITLC-SG. 
Sulfur Colloid 
The average labeling with the ITLC-SG when testing 
sulfur colloid was 91.51%. The other three chromatography 
systems gave comparable values but below the readings ob-
tained with the ITLC-SG system. 
Glucoheptonate 
The results obtained with glucohepton~te were the same 
as pyrophosphate. The ITLC-SG gave a reading of 95.8% while 
the commercial kits were below this value. Whatman Paper 
showed a reluctance to migrate. The free pertechnetate 
seemed to remain at the origin. However, the MAC kit gave 
a much higher value than the TECH kit, but still 6 percent 
below the 95.8% average from the ITLC-SG method. 
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DTPA 
The ITLC-SG value with this product. was 97.74%. The 
free pertechnetate again tends to remain at the origin when 
utilizing Whatman Paper. The two commercial kits were below 
the 97.74% level of the ITLC-SG system. 
Macroaggregate Albumin 
---------With this coTrC>TdaT--product -a11 -the -cnroma tography-sys.:..----------
terns gave results which would seem to be comparable. The 
MAC kit was slightly below the other three systems. 
There would be several ways in which to compare these 
chromatography systems, however, there seems to be dif-
ferences when testing the various products~ It would seem 
that the commercial kits routinely gave lower readings than 
the ITLC-SG. Other investigrators noted this in their 
research (2, 19). The significantly lower readings obtained 
with the commercial kits were with the water soluble radio-
pharmaceuticals. When testing pyrophosphate and glucohepton-
ate the values given by the commercial kits were much lower 
than the percentages obtained when testing diphosphonate 
and DTPA. This information correlates with the results 
reported by Richards (20). This research points out that 
the DTPA and diphosphonate compounds are stronger chelates 
with technetium and would not show as great a disparity 
between the commercial kits and ITLC-SG. 
The particulate products seem to be easy enough to 
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test. As far as this research was concerned all the chroma-
tography systems were within a very small range of acceptable 
values. 
This research has shown that there seems to be three 
distinct differences in the chromatography systems tested. 
Whatman Paper giving always high readings, ITLC-SG lower 
but not significantly, and the commercial kits substantially 
---------------------- -
lower with regards to the water soluble products. When the 
Whatman paper is analyzed it should be noted that there 
was no measure for hydrolyzed reduced technetium. If it 
would have been possible, this additional amount of free 
technetium would change the percent tag closer to the levels 
shown by the ITLC-SG. Unlike ITLC-SG, which provides a dis-
tinct separation of spots, Whatman Paper tends to streak 
over the length of the chromatogram strip. Therefore, we 
need to draw an arbitrary line between bound and unbound 
technetium. The commercial kits are based on paper 
chromatography and therefore also show a tendency to streak. 
The tagged pharmaceutical in this case would be encroaching 
on the areas calculated as free technetium and resulting 
in false information. 
Sill~MARY AND CONCLUDING REMARKS 
In testing for particulate products-Sulfur Colloid 
and MAA-all the chromatography systems were comparable. 
However, when testing the non-particulate products, evalua-
tion by the commercial kits showed high levels of free 
these kits exceeded 10% in many instances. Chromatography 
by ITLC-SG and Whatman Paper gave free pertechnetate values 
below these and were within acceptable limits. If one were 
to rely on the commercial kits when evaluating the radio-
pharmaceuticals these false values of unbound technetium would 
require erroneous discarding of the product. 
ITLC-SG provides distinct separation between the free 
and bound technetium. The Whatman Paper method, on the other 
hand, requires an arbitrary line to be drawn across the 
strip since clear separation is not achieved. Therefore, 
the latter method is of questionable value in routine quality 
control of radiopharmaceuticals. 
The commercial kits are marketed as being faster and 
more convenient. The strips and solvents are prepared and 
ready for use and this indeed makes use of the kits easier. 
However, the time it takes to prepare ITLC-SG is not pro-
hibitive. The commercial kits also have the disadvantage 
of being considerably more expensive than alternative systems. 
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For routine quality control of radiopharmaceuticals it 
is desirable to have one reliable chromatography system which 
can be used for a variety of types of products. It is 
very inconvenient to use several systems. Considering 
these factors it appears that ITLC-SG is a superior system 
with wide utility whereas, the commercial kits are not suit-
able for non-particulate, water-soluble radiopharmaceuticals. 
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